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(57) Abstract: A laser beam machining method and a laser 
beam machining device capable of cutting a work witliout pro- 
ducing a fusing and a cracking out of a predetermined cutting 
line on the surface of the work, wherein a pulse laser beam (L) 
is radiated on the predetermined cut line (5) on the surface (3) 
of the work (1) under the conditions causing a multiple photon 
absorption and with a condensed point (P) aligned to the inside 
of the work (1), and a modified area is formed inside the work 
(1) along the predetermined cut line (5) by moving the con- 
densed point (P) along the predetermined cut line (5), whereby 
the work (1) can be cut with a rather small force by cracking the 
work (1) along the predetermined cut line (5) starting from the 
modified area and, because the pulse laser beam (L) radiated 
is not almost absorbed onto the surface (3) of the work (1), the 
surface (3) is not fused even if the modified area is formed. 
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fe^M0T-2b^o 

25 0 6 8 it-^mmmmcom 5 fc^^s v—vmnimmi^m^ ^ ti^±i^mm^(D 

— -g^J © — gp^S- ^ ^ -r :^ p ^ 0 ag> § o 
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JS 0 7=— u CD — -^j ^ ^ -ria T afe ^ o 

fM3 It 0 5^ — 7*; KD ftfe © ^ ^ -rui T -5 o 

m 7 4Jit:— i^az:3^:;^71>^57■'>bSIag$tl.TV^^:®'^CD^5^ffi VVXt^.t^Slx- 
^J©Xp ly^HItrfe-So 

}zm<om(oyn-i/i^mx-&^o 

HI 8 1 {±:4^^M^^©m 8 Jc-m ^ — if iox <k D ^ ^ y ^i^^b^ff^^ ^ fi 
HI8 2(±*^?f^^©^8«?iJlc^^l/-ifSnxic:j:b^^^^y^'M^d5?B^^^ 
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wo 02/22301 



PCT/JPOl/07954 
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wo 02/22301 PCT/jnPOl/07954 

la 9 9 itm 9 8 fc:^-rAPXM^^®gP:^ifM^-ra^^o 
2, 3, 4, • • •T$>§) T-#3N-{3l8SiiR*5£^b§o 

W/cm2) T^^^bs ^!lx.{Str— i^^iy— ^jg^ 1 X 1 0 » (W/cm2) J^_h0^{4i 
#3^Jg (W/cin2) T'?^^:g,o 
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wo 02/22301 
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m 1 ;&t>*iii 2 izBTJ^o iz. iJUJiMm.^ i 3 iz^twrn^M^ > 5 
atiiizx t) ^ m 3 5 fc^-r J; o izwcnw^ v ds-^fif^^^ > 5 iz^^xm 

i®^M3i?{ii/— if^L3^)S{^^^m^K^HJ&^.^cD-e. inxM^ti i©^®3 

T^^tti^X^^o i:-pTs iiPX^^^lcD^®3fc=ffe:%^;feiijn<&^^^-fr;g) 
< Snx^^tJ 1 ©-©if :^ nftg a: S o 

— aJc®M»^^#> i3UJiMm.^izx^tifo^j^±!-^wi}n^ti^^itizjif)^ ^ 
flit. m^itMooMM.!'^.(Dm^t^7K^\^m^(Dwmxi^^o A^&i]^cs::^ib^mQ^ 
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(1) (3) t^^^o 
m^J^^^iD^X. m^J^iZ:i3iir ^m^^mt^ IXIO » (W/cm2) i,^±Xifi^ 

M^ASff^^^ti^o «l1^§liJg®±pmii^bTi±s -fi^Ox-iS 1 X 1 0 1^ (W/cm2) 
X^^o ^i;i/;^iiiS{±^ajx.(i lns~2 0 0ns*Si(^f^uv^6 ^*5^ ^-^^llSllXic: cfc 

^J;t{Ss 114 5111/ -If^inxWS^^il:^^ (19 9 

* 
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(A) tlu:rLMm.^ : U^y^Xi^^X im^ 7 0 0 /zm) 

(B) I/— tf 

U : — 1f M&jgNd:YAG —if 



: 1 0 6 4nin 
V— h^®|i : 3 . 1 4 X 1 0-^2 

.'i;!/;^*! : 3 0ns 

if ^fiSK : TEMoo 

(c) m^mu>:x 

(D) to^at;:b^«ia$tt^«gM^®^i(l?tJg : 1 0 Omm/# 



) CD^g**5i 0 0{gs UPlBt (NA) ^0. 8 0®:^'a-r"2g)^o — 
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wo 02/22301 
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<D&%i:^fy^-^i±m^mu>x (c) cD{g^AS5 0fg. mam. (na) nfio 

. 5 5 0:^'^T'afe^o i^—^J-^U—^^^l 0^^ (W/cm2) ^) Ja3l)i?r^ 

if ^LSiD Jl^^i^ 1 i^Ml^r bT^if^^^ -i > T P^gP ^ ^ !y m.^ 9 

^m^^ir ^ o ^ 5^ M:^ 9 1±— oxti^^cD tJ7 ^ 57 ^ ^^tf ^^T' ^ o HI 9 
^::^-rcfcalc^^^y^M:^9^^;^^bT^^■^^y^*s^€>fc^;Sb^ 131 0 
■r J; -5 ^ ^ y maJ^MM.^ 1 3 2 1 tcgijj^ b> EI 1 1 iz^T^ 

V izmj^Mm.^ ^itizxr) imicnmm i t^mu-^Mo m:r.n^m(D 

(2) 

^-^tJ-^T. ^^;i^{ci5(t^m#gt;g36s 1 X 1 0 « (W/cm2) J^±T*^o>'W::^ 
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W/cm2) tfa^So /VV>^i|g(±^?!J;tiS lns~2 0 Ons*s$?^bV^o 

(A) iQJ:Mm.m : U 3 3i^\ (jp^ 3 5 0 iJl^fS 4 

(B) I/— if 

: 1 0 6 4nm 

l^— if^;^5j1u/ hifMa : 3 . 14x1 O-^cm^ 

J'^J]yXifU : 3 0ns 
U—^'yt^m : TEMoo 

(C) 1/ >x 

(g^ . 5 0{§ 
NA : 0 . 5 5 

(D) iDX^^tJdSil4g^n§mg^®^a&M;g : 1 0 0mm/# 
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^JM^^^bTV^^So S/U33>^1>S<:Djpa^t^5 5 O/zm^ 1 0 0 /2m^ 2 0 0// 
SOO/zms. 1 0 0 0/zm©=g•^^3OV^■r±f3ll^^^bfeo 
'e?>J;liS> Nd:YAGl/--1f0^a[:ST-ab^ 1 0 6 4nm{3j3V^T. 5^ U n 

®A^?> 17 5 jUxnO^^lzmii^^fl^o ^COm^OmM^it. jp^ 2 0 0 //m(D 

6^ ( 2 0 0 0^4^) (Dm 7 2M~^7 3MO r Vl/;^ l^— if 

S©(±s — fi^ift^:^lll<bbfe>l:^i::tfc^fe^:®}b^^i!JtuASj^:M-rS:^-&s mm 
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( 3 ) m:mm-mt^m^mmhm-mcD^^ 

X 1 0 » (W/cm2) U^.Jt-l?*^0>''?;i/>^iIiidS lnsJ.>lT©^#-^ 
^2 (W/cm2) T-$>^o /Vl/y^iliiti^?!lx.t^ InsJ^T*^^^ b<. lpsmTA5^e> 

v'mmTM^^mxm (199 7^. 1 1^) cd^i 0 5m~^i 1 im®t:7 

o 

[gll^J] 

^izmmx — if Apx^g 100 (Dmv^mmmx u — if jpni^g 1 0 
m^mm-r^tamzu—^i^m 101 ^mm-t^ i^— if^«iJM 102^. 

-if^L®MltW6^WbA>oi/-if^LCD^$fll©|Qi^^9 0^ ^;t^J;ai3lE 
if:y6L&^^-r^»:)feMV >Xl 0 5 *^ffllx>Xl 0 5 xm^^ 

titciu—v^t^mm^fi^ijQj^Mm.m i A^iiS^tt^stfeg^ i o 7 mm^ 

10 7 ?^X|ft:S'Iq]i;#i&^-fr^fea&®X|flX7^— 1 0 9 ffifi^ 1 0 7 
$A;5-IqIl;iii:3^-r^Y$i:;&|q]fc^l&$-ir:g>feii0Y|ft>^^— 1 11^. «g^l 
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3 ^tl^=.'D(D:^y^—S^ 109,111,11 3(DBm^UmT^:y^y^'-t^m 

z|ft:^iqi(itoMatJ 1 <Dm.ms i:ii:3^-r^;6-(qi^©T\ to^^tj 1 izxm 
x(Y)$ft:;^-5^~s^l 0 9 (111) izJi^xmm:^m^^Wj^'^^cihiz^^)^ 

x(Y)te^-^^ 10 9 (111) t^i^m^^(D—mhr^^o 

^ilSl 0 1 if D-C> Nd:YV04 1/— 1f 

Nd:YLFlx— if -^^iS? >if :7 iTlx— if ;?)Sa^:z,o ^ y ^ Wi.'^'Mm^M.mML 

^Bfife^^:®'a-s.Nd:YAGl/— if. Nd:YV04 l^— if. Nd:YLF^— if :i^^V^:g.CD 

15 ^©is^3@X*^^o 

lli^j-r(iJnn:^^tJi©Jaiiifc^'?;i/;^i/— if^^ffiv^Tv^^;b5. ^^^Wii^ 

1^— if:>te{±v— if tr— A^^tf^i*"e$>So mtftm\^>xi o sji^^^iso— 

20 ^J-Trfe^o v>xi 0 5 ^z|ft^lR]^z^a&^•^'Sci:^3J:o•r 

1/— ifAnx^s 1 0 0 e> fc. «^«# 10 7 td^g^n^feApx^^i^ 1 qj- 

25 A^^rru ^j/i^' 1 1 9 ^il;l§o tr"A;^7°U 1 19 hmiftm]y> 
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X^mmU>X 12 3 ^mX^o mmtmi^ 12 lll bTi±^J^f±'CGD(cliarge- 
coupled device):*; pi ^ A^jg, ^ ^ "Klif^^^ -f > 5 ^^^tf ^15 3 ^MB^ U rT 

^^tU ^^7=^— ^il^^o 

I/— ifjnx^g 1 0 0 ^, fc. JS^m^ 1 2 1 ^ m±-^M:^m.m.^—^ 
#:aiJ^^ 12 7 "^—-^ 12 9^. ^il^^o ^5=-'— ^J'^S^ 1 2 5 ^1 



1 5dszittX7^-S^l 1 3&^i&$iJ^-r§Cli:icJ;?), pr^i^(D^j^:?)Sgffi3{3 

-^■5 J;-5{3-rSo ii^7=^— ^^Sgp 1 2 5J±;t— h pbx^n^^ h 

^ ^— 1 2 9 

1. 2 7}ci*, i^M^^l 1 5;b^^07^— WMy^—^mm 

mPl 0 2^ m^m^Ml l 7:at5::^5^— S^^J^gpi l 5:&W-r§Ci:{3j;D 
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S(Di/-if^ L ^^^-r^iz-if^^^i 0 i^m^T^ (SI 0 Do ^{3, 
bt. mjiMm.mi(D z ifi^iqic^afi^^^^-r-s (si 0 3)o cnji^ i^— 

iax^a^^ 1 ^ 1/— ifipx^m 10 0 cD«ig^ i o 7 ic^m-r^o ^ uts is 

1 1 7 }b^e> Wm^^B^^-^TSnX^^i^ 1 ^.^BJ-r§ (S 1 0 5 )o 

mBM^ titcwm"^^^ > 5 ^^tfjnx^^e^ 1 (DmM s ^m.-m.m^ i 2 1 1 j; 
»3ji^-r§o c©ji#7=— i^^ji^^T^— ^j/MiSSPi 2 5{ci^e>n§o cicDji^^ 

® 3 fcteg-r § J: -5 ^e^ji^T^— ^^ii#-r ^ (S 1 0 7 )o 

i!10^^7='— ^^fc bX Z :^ 1 1 3 ^ Z fft75rfRl©5^1&^-t^^ (S 1 0 

9)0 ci*Lfccfct)> 1 7 (D'mm.^o^jkibmm 3 izi^m-r ^ o 

Ji^^— ^^a^ 12 5 i±m'^y'—i^ ^CS•:5V^T^ "©iff-^^^-l' > 5 ^^tfto 
Ul 2 7§:^bT^— 1 2 9{c:5gie)ti> :Lf\,\z^\)^-^ 1 2 9k:-Kfif^^^ 
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^i&^-i^^ (s 1 i.Do 

^tl 1 CD^M,3 (DW^^^-r > 5 Jz.Wr^o l^—' tf^ L P Jito 

^^tl 1 (D i^itfe® b T V ^ CD ^ mmm^Wm±lMJ:M^^ l(D\f^mz(0^ 

111 ^^ilj^i^rTs ^ife^SI^:^^W-^^-^-r > 5 \z'^o ^^\z 
iPi^^tllOP^igPi^ff^fig-r^ (SI 13)o ^bT^ jQJCM^tl 1 ^ 

>5fc^oTfflit:f^ci^fc<tD. iiox^^^ 1 <&-®®fr^ (SI 15)o c: 

>5 fcMl^bTV^^o re bT. X $fiX7^--S^l 09-^ Y Ifi::^^^— 1 1 1 

54 



wo 02/22301 



PCT/JPOl/07954 



5 A? e>^tvfc^ie^^*ci!Jti-^^ifi:^)S^ b ^ i: ^ < ^ Spx^^i^ i ^wmT^ ^ 

1/ — if :)i6?is(i— o m. ^ -ruw^x % xxi^o mxu. mil \xi^ -if 
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7, 1 9 Id j; »P P ^?f^^bTV^^:^s. 2^^0J(±Ctil3|5g^^ti-ri^— if 
C^2^J] 

^2^ji3-m^^oi»f^gi±s EI 1 ^iz^-tu—vmo^mmi 0 o;at>'iii i 9. m 
2 on^-r^gA^e>^^$n§o m 1 9;&OT2 oi^m-rmm^-^^^xmBM-t^a 
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5^5/:7-3 7^{c:?B^^nT*5tj. m^ir^m^^S 9(Dmi,zltpm(Dmma (8 

Omz^m^ t b T ^D^^/J^ ^ 9 ib^^^^^ nfeJt^^^ U T V ^ o 

m^is 0 2 1 fcS-i^V^T. ll2^J{c^^^^3ig'|4*?r5^©-®if^^Jc:ov^Ti£0J 

^u^&mm^^:^^^3 1) 0t^m.i&.^^^mMir^ (S2 o Do i^ni^iR^ttt 

tf^ L ^miif-r^ I/— if^fc^ 1 0 1 ^m&'T^ is2 o 3)0 m2m 

fc*5V^T{±> ^^^^Mt^l 0 6 4iim (PW) MoO) YAG Ix— if 
*^'3l^^nTV^§o ^© YAG 1/— if(±v >'^;i^:^©^D?gbJiIiS^3bS2 OHz T' 

wmMM.uncom^ ^m^-t ^ (S2 0 5)0 ■^iff^^i^3is|.(D;p^*s5!i!j 
-r^ (S2 0 7)0 ix--if:)fc L ©^^^j^^cD^fiE* (^mm) wwiMm.um(D 
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h 3 3 fc«^^^ix:fcTOM^;M3jsj-^ii4g1-^ (S2 0 9)o -mm 

3:&^m^^xy:^—i3:^mm:^n^ (S2 1 Do ^cixi±. m^m^mi 1 

{±s jt^5^— ^Mgpi 2 5^)^e>©tB:^^M■^^c:S-:5v^T. Z 1 1 3® 
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Uifi^Tir^ (S2 1 5)o 

y^-i^ 1 0 9RX)^ Y ffi;5^7^->>? 1 1 l^^m^Hir^ (S 2 1 7)o l^— if^^ 1 

^^^^ 1 2 9-ete^b3&;ise,i/— 4f^L*s^|f$tu-5^^{c;&;5o 

D> III2 2\iZ.m:^MXo\z^ ^WM^^ ^^\3 1®^® (V— L i^XM 
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wo 02/22301 PCT/JPOl/07954 

* 

{±.1212 5{::^^^:g)J:afc. "Klif^^JferJlsl- 3 2 CD:R^:3^|qi D Ic^e^Tl/— if 
15 1^^cD^^^^y^M:^9*s^^^^tiTV^< c:^l;=^i:^o 1/—' L ©^jSsiJgab 

^V^^±W^^#3|S|■3 2<DS®j3lJg^jg<-r^rhiCj; m 2 6 iZyjk^ ^ ^ 

20 ix— L (Dm.M-:^\^^^^^i±mwiMm.un3 2®^a&;&iqi. -r^t)*.!^ 

i^DagLM?^^;Rt>*W^^#5^3 2 (X IftXT^— $^2g>^^,^^± Y 

25 .i^.«9?gb)i?Si^;st>*^ifmM^3 2o^mmm^^<'t^^tt::^jv—y^); h 
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M^9AS^^^:h,fe{ug7:W-r-g> (S2 2 Do 

V ^ T i£Hj -r s o ^ 'r^ mM©^if / 1 — > ^& o -r ^ \y ^ 9 a^jf^^ ^ 

(EI^-Mr-rX JDflE--F;i/3 6 50H^- hVI/ 3 6 

8~|2I3 2i:i:feV^Tiis Ill^gP3 9 ©S^^^fl&LTV'^-So 

Di^«^-&^o n2^g|^-^^;^^3 4l;i^M-r'SH«^>'WX5=-yr3 7 (>BE«^^'> 

y3 7lzMm~T^i^LmizMEE::^'-]^J\y3 6^^m^'^^o 

JP£E-- hVI/3 6 ASr|7 3,/Ni>.- 3 3©^®lC^^bT^?,JlfcJDH-- h';V 
3 6<&^»^-M:§^, 3 3ds^Jf^-r^^^J::ini3E--K;i/3 6{cJ: 
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XWm^tlX. flEm5=^/'W;^5^^yr3 TA^HS^^'^^^/nS l:;b^f>^^^n^^ 
§(^^^y^ 3 4i;Pi^^bTV>^JES7=^VNM;5;^.;;r3 7 r^oc/Ne^— h 3 3 

15 jb\ i5fe#cDf^t)t)fc. ija§|^S^iS(tT. ^^^i]S5|-r^c: ^T-© 

if^^i^tlfeH«7^>'^•-r x5^^yr3 7:at>*jEm^-?»>3^/A3 i©^5fe?^^ff a 

20 . ^y^m.U9m^^^f\^x\^^^um}^i^izm}i^^±i^&\:^.^^x. ^^v^w^q^ 
i*>e.tBtir$tifei/-if5te L, ^ (Dm%^i^%mm&^m {.B-mm^?-.^ 
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n^mmzwm-r ^ :i }it^x ^ ^ o 

^|llJ^a53 9 0^^::fl^^^tlfe»;^Z)tea{c::feV^T^ JEm^^'i'3i/\3 1 
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wo 02/22301 



PCT/JPOl/07954 



I/— L coy :t—:^:^mM^^TO Xoiz]^x\^^^i^. ^tilzi^Bi^ti^ 
t) 7 5b XgiM^ff -5 <t -5 Ic: b"C «k v>o 
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wo 02/22301 
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P-r y^^-?"— 1 0 3^^V^-Sf^t>Dfc^N— :7^^ — CICD/N— 

1/— tf^^ 10 1 t(Dmiz\y—'^j^m 10 1 D yd^-mm-r^ x o tj:^ 



^i|^mi:bTV>;g)o 
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bfi^fev^o ^fe. :^mmzm^^t^mmsEMm(Dmm:f3mzi5\,^x\±. ±Mbfcvi: 
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* ^ ct ^ > ^ iz *5 § :7' b — h' © WiXISs 3^^Mj^^cd Ft^M c ^ 

ci^ii^v^o ■^m^\z^^%^mmin(Dwm:f5mz^\,^x\±^ ji^bfe 
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^m^p-r^^tiy^RimttjL^o ^ti^cD^m. ^mmizxmt. misbx^mm.'Dm 
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wo 02/22301 PCT/JPOl/07954 

^IS*Mk:^^i;lTV^ac^;{)S$y^L/^,^o c©J:di:is 1f^cD5fc|fti: 
|ql^^<4*^ J; D -MlRl-h LX. Wm(D:^mm^^ D ~m^miz=B^^:ti!fiX^ 

^ o 

:^mmm(Dm3mz-z^\^^xmBMir^o m3mRv^mixmmir^m4mit^ m 
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(B) 1/— if 

^® : V -r-if ®^d: YAG 1/ —if 

: 1 0 6 4nin 

>'^;i/:^i|'S : 3 Ons 
1^— if:)teD^« : TEMoo 

(c) m^mu>x 

: 5 0^ 

NA : 0 . 5 5 

l^— if^^SSt^Mf : 6 0/1— fe > h 

(D) iPX^^i^^mg^tl/Sigg^CD^l&TiS : 1 0 Omm/# 

IfU if>r;i/2{3Rig^©/i;i/Xi/-if5fe^MSfbfeo 

1213 3{±if >7°;i/lcD^M©^K<^^bfcElT'abD> 1213 4 (iif >r;i/2 
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M<^tM^6tli^^b;^l2IT^^o ia 3 6 l±m 3 4 > 2 CD XXXVI- 

^S^^t^tlTV^^^:i:^^bTv^^o El 3 6 fc^-r !f:)ted5 

n^^^^y^^xyf^ ^y h 9 0 ^^Hiff^^^^ > 5 l::^oT#^?T^^-r^ htc: J; D 

s wm^^'^4>5iz^^rc:'^^^y^mM9t^m^^tixM^o msm^ 

1f^<^fi^^bTff^J1^^tL:fe^^^;/^^:^9 ^^bTV^^o ^ x 4^" ly h 9 0 
hXJ^j^^titc^^^y^m^d^^hXX^'^^o ^^^y^:7.n^^y h 9 0®-®©f^^ 
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^\ ^ y ^ y h 9 0 {iS$ftb;& |q] ^ ^ < j& ^ o fi^ig^ J± 
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om^^^mwir ^m\^mmm^ 2 o it. ^P3^iii5gi52 o iti-^mm^titc 
u—^y6i.(Dm^^m9 0° tmr^mmwir^ 90° mmmm^2 03 

X. S o 

lipa^iigpgp 2 0 1 m4 i\:i^'r^^tj^iy4'^^m2 oi^^tso 1/ 
tti.iD%. 1/ 4^wm2^i\z.m^\±mMmm^^<Dxm%i:^xWi'ir^}^. ^ 

3i^«±0f ^©^P3*cDliP3ii^EP ^ o ::&iiLMh i±tiP3 cDS$fi ^Xfft i: © ^ 

o 

1/4 ^SS^R^M-r ^ <fc d {c. ;jf P3^8Sgpg|5 2 0 1 1 X 4 2 0 7 O:;^ 

m\Hmmi'mn2 o ij±:=fM^^^o 

9 0 ° m^lligegp 2 0 3 EI4 2fc^-rJ;d^ l/2?SS*^2 0 S^^tfo 
ftjiiD^. iy2^^m.2 0 5lzm^l£:^ikM4: 5° (DM^MMJ^iCDX 
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2 0 S^U-V'yfLO^m^ (f^fc-fes l/-if:)teL*si/2MS«2 0 5 ^^jl 
^ ^— 1 0 3 i±s 9 0° mtei^iSgP 2 0 3 X'M^^ 90° 

0° ^x.§<fc^^c:SBS^tL■rv^^o i^— ifjax^s2 o o{±. ^m^iot© 

2 1 3^il;?.^o :^^—i^mm^^l 1 5{i. i;^ 1 0 9,111,11 3®^ 

MJ^P^-ffes i^2 1 s(Dmm^mmt-^o 

^gJ^B^-r^o 1214 3{±. ^:(D\y—vm:I:.:&^^mmT^tcilst>(D'7u—^^^—y^x 
abSo SnJi>ct^^^l(iSyUri>>j7 3i^NT-^^o x^>^:7°S 1 0 l~x^^3/:7° s 1 

j|f P3^iii§i5^ 2 0 i{cj:D^ V— if^iiii 0 iti^^mm^ti^mmm^ijP co 

Ix— if^ L ©aR^^MgPt-^ (SI 2 Do ^R^Hiti5gP2 0 1 1:: j5VAT 1/ 

Ifc-r^ .fc-Stciigis-r-s (si2 3)o 0iprt;=^7^— s^2 l 3 ^ 
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Y tt:^fqIt3t&-oTSDX^^i^ 1 ^mJ^-t^CO-^s 9 0 ° HJ^i^g^gp 2 0 3 (i^ 

1 0 1 >?)>^ ix— L ^^^^•ifT> v-if^ L ^mj:.Mm.m i 

1 ©— #:&©-eOif^^^^ > 5 tc^fid J: a LTs iPX^^tj 1 l^— L 

5 ^cMl^L^ ±mtmmzhxmmmMmi^^m(Dwm¥^^^ > 5 

if^^^-i' > 5 {^^SoTSPX^^i^ 1 ®l^^ic^ife^SM:^&^^^;5 (s 1 2 
7)0 :fe*5s LP ©lx-if3fc L mWJLnmn 1 fcMlift- 1214 

5 fc^-TcfcaJ-^-So ■r^et»t>> 1/— if^LOffii^p^LP (DfR]#;{)S5px.^^e^ 

.^Jjfcs 9 0° HlfeSitiigp 2 0 3 J: t) , lX2^g?S;K2 0 5 (114 2) 

^mm-^M^\y^^% L coM^^Qo° m-ymi-^'^^bmm^t^b (si 2 9)0 

^tl 1 O^® 3 ® X |fi:;&lRl{c:Mt>"fe^©f^^^-r > 5 icMlf-T^o 4 6 \±m 
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wo 02/22301 PCT/JPOl/07954 

■ ► 

§ (S I 3 1)0 mUm% LP ©I/— if:)fc L ^;[)QX^^i^ 1 l^lMliTf -S:® 

m.mi^%amir^ (S13 3)o cmtilctD. iPX^^tll*i>'U3i>5^^yri3 

t^X^^o ^:(DJ;^oizm3mx}±^^^y^^^^^^mzM^X^:h(DX^ JDX 

*^?f^^©04^JfcoV^Tm3^Ji:0:ffi3l^^^'iCU:Ii&0J■r§o S4 8.(id0 
25 l/~"tfjnx^g3 0 0©ma^l2I'C-S>§o V-1f50X^g3 0 0®;^^^^® 

a 4 0 iz^-rm 3 .^jtc:-^:g, I/— if jnic^M 2 0 0 omm^m t m-wmiz 
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wo 02/22301 PCT/JPOl/07954 

^V^o e^::^v=—i^2 1 3 }Z^D\ t^M^ 1 0 7 <DX-Y^®>b5J0X^^J^ 1 CD 
*)I2I4 3i::^-rB3^Jic:^^lx— ifiD3::;&i£©::^7^iyrsi 0 1 ^ >^ yy :7°S 
ll4^Jt::^^^.^T^)^3^?|Ji:M^^ciax^^^^l^±^4 4};i^-rj;a{c:to 

^n^o ^©m. xt^— i^^jii^^ 1 1 5i&s0ifi;^7^-$;2 13^9 0° m-fmm. 

■^"^^Um^-t^o ^®affi:^7^— S^2 1 3 0|l]feizJ;f3:&Din^^i^liiX-Y^ 

^ -r . > o T mm^ \zmmir ^ ^ ^ nrti^ ^ § o 



79 



wo 02/22301 PCT/JPOl/07954 

» * * 

igj^'l^t 13 i< ^ T ^ :^ 4< h ^ 13 i£ -r § o 

JiEI5 OcDtO©f^^^^>5_h0LI-LIfc^&?T^ifb;/^raElTfe§o 1^5 2 
V 1115 3^ 0 5 4t±^:h,^tLEI5 0 ©^^^^^^^- > 5 ^jS^^-r^LH-Ln^ 

15 •5t3. ^^^ly^XTT?^;/ h 9 0*s>»c§-r^'5i:. y ^J7X>i^y h 9 0 O::^^^© 

<«it^©l?-©if® 4 3 ©^ffl['l4>&sM< 3^-5 o citLl3^bT> m56iz^ir 
X -5 i^mMJBmiz^^ 1/— !finx:;&^:^MVA-r ^ ^ \y h 9 0 <&itt5E 

20 fitl/J^$ < (^?iJ;t(S 2 0 //mJ^T) n^^T^ ^y^^^^^y h 9 0 ^t^—izjf^ 

fi!6-e§A^o^^^y^:;^4<^/ h9 o©-Kiif^^^-r >©:j^iqiA^^-mfe:?^fqi©iS>&s 

1 ©tOiff©)ltJ^-^tOif® 4 3 ©¥ffl'l4^IqJ±^i^S ^ i::&ST§§o 

iPXM^tJ i3>(>r L T ^ y h >{)S;^jgic: /Jn ^ ^ ^ h Jnn:M^t/©-KIif *5 
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wo 02/22301 



PCT/JPOl/07954 



if5te©>'^y— ^Jt^J-r-scD-^. If— }f 
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wo 02/22301 PCT/JPOl/07954 

H^h-^tiw^/jN^ < tr^> ^fh^cD-^'^^zk^ < ir ^ ^ ^ if yi.'^s h 9 0 

^ ^tc:> IS 6 2 ici^f El 5 8 tc^f^J J; D /J^^v^>''^'7— ©/i;!/;;^ 1^— if 

J; ^) ^/J^^ <>&:-So E6 3{is ^:©W— if^LO^I^tc J;:i,#^^i!Si|K*sj^HT 
?F^^^tifei^^y^X4?^;/ h 9 Ocp^MHIT'ab^o 1^5 9 hMQ 3©hbft}b^&0^ 

1f3feL©,^|^{;ick§#^^Di5:iRAsj[^aT-ff^^^ixfei7-^>;/^^:^^^y h 9 0 ©ilfM 

h 9 0 ©I^^h4>iIiiw©-\f^&/jN^ < <) $!j|iUT^§o 

^3&■o-rV^^^:^^^■rM:^4 1 ^s^^Ji^P;&t>•^©{t3£^::PS^$tlTV^^aS 
l^-1f^©*^tti)S]^.<^^oU— 1f^©?^;SfM^^T'*3teRrtii::^c^o 
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wo 02/22301 



PCT/JPOl/07954 
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wo 02/22301 PCT/JPOl/07954 



^03MD(rieutral density) 7 ^ #ND7 ^ ^ U—^MjOt^mi^M b 

(D—m^^^ v—^%mmm^ 102 tm^-t^ c: ^^.t 101 
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wo 02/22301 PCT/JPOl/07954 

m^4o lit^mx'^^o &.±mBMi^r:i^-^K7— commits i^—y-'tiUJimm.om<^ 

iy^'^^— 1 0 3 D -Y ^y^^^—i 0 ^xKm^tlt^\y-' 

mm 4 0 3 ^mmT^ u >xmm.^mMmm 405 

iy>xmi^mm4 0 3i±m^mu>xi 0 5 a.^ losb. losc^^ :iti 
^^^^^^^^^,4 0 <feiii^So m^m\^>xi 0 5 a^^ts^^mo 
mam. my6m i/ >x 1 0 5 b ^^ts^^^omnm. m^'tm ^ >x 1 0 5 c 

mvm^4 0 5t^^(Dm'^izM-:3\^^x^i^m.4 0 i^mu^'^^citizx^. m 
t^-L(D^m±izmm^'^^o -r^ibt^ iy>xm^mM4 0 sau^jw^—^x 

0 5b^ 1 0 5 ccDa-fe^ftbd^^^^tR-r^it^^x^b'raci^fcj;^), mtftmv 

1/— ifiJPX^g4 0 OOifee^l 0 l\z\±^ mL%m\y>xi 0 5 a~l 0 5 c 
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. 2 7unu—mmn^4 o i hmm>m\zmm^nx\^^^o me 7i± 

^l/>X10 5as 10 5bs 1 0 5c(DV>-rtLA^^3ltR-r^ A:tf l3 LT ^) J:^/^o 
^<D^^. ±^mm^ 12 7 tz^^ffi \y>X10 5 Si. 1 0 5K 1 0 5 c. ^tl 

V>X10 5a> 1 0 5K 1 0 5c©=S■^^COV^Ts ^tb^S^^tf^^^CDliP 

. ?^U-rifil. 2 4 X 1 0 ^MW/cm^) x^ HP^^SQ. 55®i:§W^^ 
ix— ifinxBu{c|2l 5 8 ~EI 6 5 xmmLtcm^^ir^ ^itiz^V) ft§ c: 

D X if ^jijksu 4 11 mmmmEm^ 4i3*>^cm^©y^#^hi^ i^fit ®ia 
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'^(Dy^—y'Mtmi oiz^irt.oizu^o m^it.^-^u—^ 1 . 4 9 X 1 0 1^ 

Pi^^O. 8 i:g|^Uv'^'7— 1 . 19x10^^ (W/cm^) 0i:§{3^$J5!t^ 

V— ifJn3:;6"?S^IqI^i->^^^y7° s 1 0 l~;^7^y:7'Sl 1 1 ^-e^ibf^^fe 

©/^•'7— Sgg(5gP4 0 1 ^::ck ^JiSgS^nSo A:tF^tLfeP§Pilc©7='— ^{c: 
*":5V^T. liPitiiL' VX^X^aiJ^^S 4 0 5 ^iff VX U > XmtRWB 4 0 3 

mmu 1 2 7 <D->i-^mnm 4 1 1 mes) izx:b^ti^o ^itiizxy).- i^w 
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wo 02/22301 
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ci CD —if jax^m 5 0 0 ©ma&^jsKia § o — if iax^g 5 0 0 xom^ 

WMo 5 1>. El 6 7 \,Z7j^-tW. 5 ;§> — if ipic^S 4 0 0 cDli^M^ ^ 1^— 
V— if Jnni^B 5 0 0 /'^i::'— gggiseg 4 0 1 ^ iS'V ^ ^ l 0 3 

il©P^® l^— if 5tL©^||_h{c tf---A3^=^:5^/-^ ViS'* 5 0 1 tLT -5 o If 

— Aa:^^X^-?>^*5 0 1 (if^^or^T^ tf— AJ:^;^>'N°>iS'*5 0 lie J: 19 1/ 
— if»©tf— A#:tjS:;*:^ <:&^ j;afcMtg^tt^o tf— A3i:3f^X7i>i«7* 5 0 1 
15 JiUP^sSgEi^lgCD— ^JT'^^o ^fz. I/— ifiPX^g5 0 Oi±l/>XMm^ 
• 4 0 3 CDftt? D 13 1 o©^^M >X 1 0 5 

lx-if;(jpji^g5 0 0CDSti#>{)5^5^J(Dl/— ifSnJi^Mcr>a&ft^^^S;^i±. 

-^W-UmUl 2 7tcX:ij^tbfcllnifc©>^§^fca^<||af5c(Diig5T$>So 

Ts ^^^^z-D^^^xmrnir^o ±iwmu i 2 7j±t:— Aa:.:3r>^/N'>^'5 0 1 

20 ^etliC^J^^tUTl^-So 0 7 2t±^®i2|^<&#B&b-Cl/>^o :^#:$!j^g|5 1 2 7 {3 

^$^5 0 l(D{^^^^X^Um^-r^o ili^^::<t?3^ m%mu>Xl O 5{z:AI^-r 
-Sl/— if^LcDt:— A^cDj£>^^^alli5-r^o J;oT. «^ffil/>X 1 0 5 i 

.25 mtrj:^.o iiti^mi 3Rv^m7 4^m\^^xmm-r^o 

^7 3i±. \f:—A=c^xJv^v5 0 1 ^mm^tix\^^tj:],^m'^<Dm^mu >:x 
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Ix— tf^Pi^g 6 0 0 iis tf— AaiaF-x>'N->^*5 0 1 (Di^t> (3 ^S^V ^ D-f 
103 ^i^^ffl 1/ >X 10 5 ^©P^CD 1/— 1f3feLcD5fclfi&±i3^^^ ^) 

6 0 l/b3iag^nT^/^§o 6 0 1 ®IIPcD:;^g^^^x.^;i ^tcij; 

:)teMi^>'Xi 0 Q^m^m^mm-t^o m^m.^ e o it^npssti^is^^©— 
mm^T^^^^mm^ e o 3 ^m^^o sl^^dmsp e 0 3 }i^#:$ijiiigis 

1^— ifipi^g 6 0 0 oWi^i^^ 5 ^mrj^s 6 ^j© i^— y-'jnx^g©a&#i:M 

T-ab^o l^-1finx^g6 0.0\±Xi:}-^Mz.muWL(D^^^},z^-^\,\xm^^\) 
6 0 l©liP©:^#$>^^;?.^C!:hic:i:t). ^^MU>X1 0 5 0W^M©^/> 

>X1 0 5&^tf^^^®||p|Bc^/jN$ < ;fe;5cl;^tgi^-r;g,c:i:Asx'§;5o 

E7 6{is *I:f^/^D*5fag^;^^-^V^:feV^:^'^©^^^l/>Xl 0 5J3j;:g,l/— 
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10 



15 



20 



25 



^ ^ J; a fcliiS f § d i)ST' § ^ o 



SP4 0 l^i 



2 7 (oy-uy^mx^^o ±HfUmUl 2 7{i|gP|&MKgP4 1 9;&msiii3^ 



gl54 
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^x:bir^o ^tiizx^s mjmRU4 2 n±^ mmmmd.m.^4 i.stfi^cKD^ 
©7^—^57 (± yxmumm%m%$ 4 0 5 ^ if — a^^ jp^^ >i<7' 501 
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Y$$i:7.y^—t^(DmWlMm^-v (mm/sec) h-T^o iltie>®>^7^— i?®^8&3lijg{i 

tysy h -^M^^ti^ ^ ^ y ^ ;^ jJ< h ,^ V^ ^ o J: o T> -©8^^ 

p= l/n 

^$iJ||I-r^^^*s-C-^;5o -r^fc-fes i^t)?gLMiSit^f (Hz) ^J^^<-t^^L 

h^:^y^~-i^(D^mMm^v (mm/sec) ^/Jx$ < "T^Sii J; tr^y^p^/h 
^<^iJ^T-§§o i^t)7gbJSl^^^^f (Hz) <&/jN^<'r^c:i:^;^7^-e^ 

CD^ibsij^^v (mm/sec) < f ^ J; D s t! 5=-p^:^^ < M^-e # 

So 

dt^mmtmS l~Ei8 3 {Z^-rHffit)^52g,;^„ 1218 1-0 8 3 tt. ^mMM 
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r 

1^8 Uz.X^\t\^^y^^i^'^ms.^\):K^ <-^fiXiB\>^ EI8 2{c:j;tbiSt°>3/ 

^■^x^mzwmir:6(Difimmtt3ii[)^ ^fe, TO®®¥ffite%M<^^o S8 
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wo 02/22301 
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bfe^s. h-^ffi^^^'fb:^>J^'y h"e%|5l^©CS^ASs^:|,o -lib 

m.^ ^ -a^ § J; V ^ bs iQJiMM.^ ^ b t / 1 ;i/ x — cD^^ 

^ if JPX^S 10 0 ^^^^j^^tf Jtxt^ia 1 4 ^^V^-CI^&HJ■r^o Ix— 
Ml.O liiQJJ^'l' y^^l^— ift?$>So I1I 8 4{±^ U—VytMl 0 Hzm^^tl^ 

IBg^tLfc^^ — 5 1 , 5 3 — 5 1 h^^— 5 3 i:©^fclBg^tLfeb 

K 5 5 ©|^3N-{±^J X. {^Nd.-YAGT- a& ^ o 
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§ 

♦ 

mWO^Umn^ 1 2 7 {^^ 6, ^i:#CD^tg^3iJDbTV^§o HI 8 5 {±^8^Ji3^ 
^#:§|JI®^ 1 7 iigg^^H^^ 1 4 1 ^ it?^§B1t^ 14 3 ^SLV^mm'^m^ 14 5 
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^Mm^U 1 4 l{i±Mbfe^ (n=f/v, p= 1/n) ^^ij;@bTl^D'^aQ$iCM:^ 
5 TK^y h^CDgggl (tf^^^) ^lil^-r^o EBil^^^^l 4 lit. ^LO^Wt"—^^ 

*fes ^(D^m^-^itmm'^m^ 145 {::*)i@i^>tiSo •\f?56fBitgp 1 4 3 ^3 
10 . 1 4 5 ^oD^m^"—^ t^mm^ 143 i^iBit^tbfc-vf?^®^^ 

■ -ft^b^— 1 2 9 {ci^^^o cmiCcfcDs "e-^ 1 2 9izi±-^mmw.(Dm^i> 
15 s&mmw^i 4 i{±^ (n=:&v, p = i/n) ^mmi^xwuMiy^^-^y hmcD^m^ 

^H^bTV^^^s^cDckaicbT^ J;v^o ^"Ts ^DTgbMI^S^©::^^^ tXv"— 
S^ 1 0 9. 11 i<D^m^^tm.m::^^^y hm(D^mt(Dm^^^isb^mLr^y^ 

20 g|5 1 4 1 izx±i ^ti^^iiiz^V). mmmMB 141 ii±IB7^— ^ ^: 
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10 



15 



20 



25 



1 2 diz^m^'^^tzi^omm^noo 



HI 8 6 8 mi^m:^ ^fi^±i$-Mm^ 127 ©flfeO^J®— gp^&^-r ::^d 



^m-^^^o ±mmu 127 jiMM^^^^u 147 ^mx^o 



3 8 7 i±m8micmK.^ti^±i$imm^ i 27©^^ fcim^^j®— gp^^^-r 



gpi 2 7 Ji?tJg?S#gP 1 4 9:&11x.^o ±IBi:|5) 
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^ LT. HI 1 5 iz^^m 1 ^Jlci^S 1^— if Jax:&?gi:|ll;^{::>^7^ y r S 1 1 3 
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wo 02/22301 PCT/JPO 1/0 7954 

tllzX^^ ^"^y^W^Q (9A) *s^iff^^^-l' > 5 ^ZfeoTiPXM^'-^ 1® 

9 ( 9 B) ifimm=^^^ > 5 iz^^xmoLMmm 1 ©i^ga®^® 3 rt7£{3 

^ ^v^M:^9A (9B) ifi^^^^^/'^7m^9B (9A) ^^^y^mMOBii^ 

^mm3:&mz^ti^ti^f^izm>M'r^o cmtcctt). -Kiif^^^-r >5i3t&o 
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mM9B}i(Dmi^^'^y^mm9c^mm,ir^o ^fe; i^— if^oAiir^iqjjfe^ 
hz^'y^y^ mM 9 B ^m^T^o xmmizM i^xM^^:^^^ ^miz^^yy^ 9 
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IfinX^gl 0 0 i:|lI^©^fig^bTV^^o ^9^?!J^C^3V^TZ$fty^7^— 1 1 3 

siti5 bfc D -r ^ ^ § ^ o 

®) ^&mtvxiuj:M^^(D\^^(Dp}fm(DiiLmiizm^\^xi^^o m9 3i±]y— 
'\r^i^(Dmt^}^mQ:r.M0.m i ©to 3 ^-fig bx § m^^^ vx^^^^o m 

mrmx^^) o .^;-=>T^ 1/— if^LfcM-r^to^iii^i©e*f^^%ji:bTz 

i3{:}'^m|i®{&g<l:^M3iiy^f,Snx^^i^lcDI*lg|5^T'C)gg^ (Nz) ^■r;5o 

^(D^m. (Nz) ^±f3s*;T^ (N) T-i^-r^ci^tcij; Df#^tvfc^a&fi (z) ^ 
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nxV^^So ^#:$IJOT 1 2 7 i±s EI9 3 2&t>*l2|9 4-^fiBJbfej^l&a (z 

SI 0 iJiEli 5{c^t"Bi^!j©:^7^^yr SI o i tm\:'X^^o ^ 
<£*{3bTs to^t^tJi© z iijj^&fq]©^®* (z) ^i^^-r-s (sio3)o ^ 

z |fl;&iRi©#l&fi:T'^§o :f3aic:^^^l©jp^::&[Rifc4bSt^*^ji^ p 

©^LgA^i^^^ti^o p ©^itBiiJnx^^i^ i©jp^. #S^&#/i:b 

^•l^^fe«)©^ l^Kja©7?— i57fc^M3#?£{c^^j^ P ^{4«$-fr^fe«)© 

7° S 1 0 5 r S 1 0 7 (iEI 1 5 id^is-ril l^J©:^^^ r S 1 

0 5:&t>':^5^^3/:7°Sl 0 7 illUbX-afe^o Xt^^j;^ Sl 0 7T-^ll^$tvfe^;^7' 
— ^J'tt::^^^— S^$»J|^gPl 1 5fc^&:h>^o 1 1 5{±. C:©^.;^^7=^ 

— ^^at^lbT Z IfiXT^— 1 1 3^ Z Ift;^!^!©^®^-!^-^ (S1.0 9)o ^ItL 
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±i^Um^^ 12 7 {cti^i&X7^\y 7° S 10 3 T-^^^tbfe^ l^i&fi©7=^— 

iisjDxM^i^ 1 cDP^gp^^^jigtcis Z IfiXT^— 1 1 3 ^3 J: D to^^i^ 1 ^ 
Z|i6:;^|qI(c:^a&^-&^ (SI 1 l)o ^CDf*ig|5©^iS(±^jpj:^^#; 1 ©SMrt^eT- 

^5i:t3^ n 1 5 {ZTTs-tM imcD^y^ 7° s 1 13 ^i^^tfc \^x^m^mmM(,^w 

i^l 1 3 iz ^ moL-Mmm 1 ^ Z $^:^\ailzmm^'it:6 (SI 1 5)0 ^LT. X 
7^ y r S 1 1 3 tmmi:i \^Xl[}UXMM.m 1 ®l^^l::?gi6^SM:^^?f^^-r-S (S 

11 7)0 ir.(D::^y^^yy'xi±mm^iimmi^t^M:r,MM<^10i^^(Dmm3H7&^ 

0.(^1 ^wm-r^ (SI 1 9)0 
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[mi O^J] 

1219 7.{±Ej 9 6fcI^-rSPn:^^^l©^:^if®0T'$>§o ^ ^ y M:^ 9 Jf^fiK 
^> ii7 -5 y tJ^M:^ 9 3 mimm 2 1 lciq]{:tT y ^ 9 1 A^g^fc^^ 

bxv^^o ^ ^W^9 ^M:i^MM.^ 1 ©JP^^;!-:^[R]t:fev>TJP^©^:^©fii® 
^t3fife«-r^^^yi7 9 1 h^MS (*®2 1) t(D.mm^itm.mM<t:i>;it 

® 9 8 {iia 9 6 tmmi^^mm^mcom lomizm^ i^— if^Qx;^?£^^v^-t 

104 
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15 ^m^i>^^o ^'^^y^mM.9t.m'm3(D^mt^i±,n&DM^^t. mm3miz^\^^ 

So ^(Dtc^^ ^'y^y^W^9^(D^(D(D^l^^J^U^-^,^i:^mM3\zMf\^. 
25 ^©{iSck D 3 ^c:^^v^'^4B JciSge VX^ ^ v 9 ^Bj^g-T S z.}i^xn 
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wo 02/22301 PCT/JPOl/07954 

•So 

El 1 0 0 i±m 9 6 tmmi^^^mMmmcom i omi^^^ i^— •t^7JPx:;^^£<&Mv^ 
xm^^titz^ ^ i7^U9 ^^muj:M^!^ 1 omw-^^^o m i o o iz^ 

■rxffi^iqi® ^ y 9 i±s i/— tf ^L©^^j^<^Jax^^i^ i com 

Ym-^\^(D^^^y^mm9 htm^T^mp}fifi^\:^^o m.^T^^mxi±^^^y 
xm:&\^(D'^^ ^y^m.w,9 tY$ii:;&m<D^^y^mM9 ^^ss-r^©^ 

X$^:&\Pi\(D^^ ^y^m.M9RXfYm:^\^(0'^'^^yi7mM9(Dot>mz]B 

3 mizjf^mT ^ (Ot^tif^ bV>o ^izm^^ti^^'^^y^mM9^^lzmm^ti^ 
^^^3/^M:^9 cfcD «)M2 lfi!Jlc:jf^^-r^a:> xffi:;^iqi®-KIW®^Yia:?^lqlcD 
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wo 02/22301 PCT/JPOl/07954 

1/ — if 3fc o I ^ T mm LtzibK mmm — if ^ i:i-^\^^x'bmm<D:iht^m^^o 

— Ifto^g 10 0 i:l^a®^fiK^bTV^So ^ 1 0^aJ{3j3V^TZJMX7^— 1 
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wo 02/22301 



PCT/JPOl/07954 



^w-unn> 1 2 7{i. 1219 3mim9 Axmm\^fzMWi-& (z) (D^—^t^x 

12 7s :^v^—^JUnU 1 1 5;S:tFZ|fiX7^— 113 \zX ^ s 1/ >X 1 

SI 0 liiiai 5 J;:^5-r^l^jcD>;7^y:r.si 0 l tlRlbT-ag)§o 

k:. la 1 5 Iz^-rm iMOXy^y r S 1 0 3 tmm^ bT> n\:^nmQ 1 cDjp$ 
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